We study direct detection of dark matter in a supersymmetric (SUSY) model where most SUSY particles have very high-scale masses beyond the weak scale. In the scenario, a Wino-like or a Higgsino-like neutralino is a good candidate for the dark matter in the Universe. The neutralino scatters off nuclei by a Higgs boson exchange diagram and also electroweak loop diagrams. It is found that the elasticscattering cross section with nuclei is enhanced or suppressed due to constructive or deconstructive interference among the diagrams. Such a cross section is within the reach of future experiment in some parameter region.
Introduction
Supersymmetric (SUSY) remodeling of the Standard Model (SM) is one of the promising candidates for physics beyond the SM. The minimal extension, called the minimal supersymmetric Standard Model (MSSM), has been studied enthusiastically in various literature. The weak-scale SUSY is, however, severely constrained by the experiments at the Large Hadron Collider (LHC). Since no signal of SUSY particles has been discovered yet, the ATLAS and the CMS Collaborations have imposed stringent limits on their masses, especially those of colored particles [1] . The weak-scale SUSY is also challenged by the discovery of the SM-like Higgs boson with a mass of about 125 GeV, which is recently reported by the collaborations [2] . In the MSSM radiative corrections from heavy sfermions make the Higgs mass larger [3] . Thus those results from the LHC may indicate that the SUSY scale is somewhat higher than the weak scale [4] .
Although the high-scale SUSY scenario sounds unnatural in a viewpoint of the hierarchy problem, phenomenological aspects of heavy sfermions are quite fascinating [5] [6] [7] [8] [9] [10] [11] . Because of the sufficient radiative corrections, the 125 GeV Higgs boson may be achieved [12] . The SUSY contributions to flavor changing neutral current (FCNC) processes and electric dipole moments are suppressed by heavy sfermion masses so that the SUSY flavor and CP problems are relaxed [13] . In cosmology, the gravitino problem may be avoided because it may be as heavy as sfermions, then the thermal leptogenesis for baryon asymmetry in the Universe works with high reheating temperature [14] . On top of that, the gauge coupling unification is achieved as precisely as that in the MSSM since the sfermions form the SU(5) multiplets, and the proton lifetime could be well above the current experimental limit [15] . These features have stimulated various works [16] .
The high-scale SUSY scenario does not necessarily mean all SUSY particles in the MSSM are heavy. Superpartners of gauge bosons and Higgs bosons may be at the weak scale without destroying the above features. This is plausible because the lightest particle among their mixed states is the lightest SUSY particle (LSP) and it is a good candidate for the dark matter (DM) in the Universe. Such a candidate is one of the so-called Weakly Interacting Massive particles (WIMPs). Though sfermions may be beyond the reach of the LHC, the LSP DM may be searched in the direct dark matter detection experiments.
In this article we consider a scenario where the LSP mass is around the weak scale and the other SUSY particles are much heavier, and we give a precise calculation of an elastic-scattering cross section between the LSP DM and nucleon. A Wino-like or Higgsino-like neutralino is a viable DM candidate since the thermal production in the early hot universe gives the observed DM density even in the heavy sfermion scenario; Wino with a mass of 2.7-3.0 TeV [17] or Higgsino with a mass of 1 TeV [18] . The neutralino mass less than TeV is also possible to explain the DM density when its nonthermal production is considered [19, 20] . Also the Wino LSP is a natural consequence of the anomaly mediation [21] . Therefore we focus on those well-motivated cases. Since there are only a few undetermined parameters, the observed value of the Higgs boson mass at 125 GeV allows us to make a robust prediction for the scattering cross section with nucleon. As we will see below, both the tree-level [22, 23] and the loop-level processes [24] [25] [26] give rise to sizable contributions to the scattering cross section. This paper is organized as follows. In the next section, we explain the scenario of high-scale supersymmetry, in which the Wino-like or Higgsino-like neutralino is predicted as the DM. In Sec. 3, the effective Lagrangian for the neutralino-nucleon elastic scattering is reviewed. In Sec. 4, we discuss relevant tree-and loop-level contributions to the spinindependent (SI) scattering of the Wino-like or Higgsino-like neutralino, and evaluate the cross section. Section 5 is devoted to the conclusion. In the evaluation of the SI cross section in the text, we use the results of the lattice QCD simulations for the mass fractions of light quarks in the nucleon. We also show the results when the mass fractions estimated in the chiral perturbation theory are used in Appendix A. In Appendix B, we give the spin-dependent (SD) cross section for completeness.
The Scenario
In this section we briefly describe the scenario that we discuss in this paper. As it is mentioned in the Introduction, we consider a SUSY scenario where all SUSY particles are well above the weak scale, except for Wino or Higgsino. Such mass spectrum is given by a simple SUSY breaking mechanism [5, 6, 11, 21] . Assume that there exists a SUSY breaking hidden sector containing a SUSY breaking field Z which is charged under some symmetry. Then a generic form of Kähler potential yields masses of M SUSY ∼ F Z /M * for all the scalar bosons in the MSSM except the lightest Higgs boson (F Z and M * are the F -component vacuum expectation value (VEV) of the field Z and the messenger scale, respectively). On the other hand, since Z is charged under some symmetry, the gaugino and Higgsino mass terms are not given by the Z-field linear terms. Thus they do not necessarily have the mass scale M SUSY , i.e., they are model dependent.
1 Now we consider the case of M * = M Pl (M Pl is the reduced Planck scale). In the case, gauginos acquire their masses via the anomaly mediation, which are of the order of m 3/2 /16π 2 . Here m 3/2 = F Z / √ 3M Pl is the gravitino mass. For Higgsino, on the other hand, the socalled µ term, µH u H d in the superpotential (H u and H d are up-type and down-type Higgs chiral superfields, respectively), may be absent by a certain symmetry, e.g., the PecceiQuinn symmetry [27] . In such a case, the gaugino-Higgs loops induce the Higgsino mass, which is smaller than the gaugino masses by another loop factor. Thus, the Higgsino-like neutralino is the LSP. On the contrary it may be as heavy as a gravitino in another case. When the Kähler potential has a term, K = κH u H d + · · · , the Higgsino mass is provided by the supergravity effects and it lies around the gravitino mass scale. In that case, the Wino-like neutralino is the LSP.
In order to consider the Wino-like or Higgsino-like neutralino, we take the Wino and Higgsino mass parameters as free parameters. Namely, the gaugino and Higgsino mass terms are given by
Hereλ a (a = 
, and 4, respectively.χ 0 1 is the lightest neutralino and from now on we omit the subscript ofχ 0 1 for simplicity. In the following calculation we take M 2 as a free parameter instead of m 3/2 , and consider the case where the lightest neutralino explains the current relic density of DM.
When sfermions are very heavy, the 125 GeV SM-like Higgs boson is achieved with tan β ∼ 1-5 [12] . Here tan β is the ratio of the VEVs of up-and down-type Higgs fields. In this article, however, we also consider larger tan β to demonstrate the cross section for a general case, assuming appropriate sfermion masses to make the Higgs boson mass 125 GeV.
Neutralino-Nucleon Scattering Cross Section
Here we give formulae for the calculation of the scattering cross section of the neutralino with nucleon [25, 28, 29] . It is calculated from the effective Lagrangian for scattering of the neutralino with quarks and gluon in the limit of low relative velocity, which is given by
where M and m q are the masses of the neutralino and quarks, respectively. Sum over quark flavors q = u, d, s for the first and second terms and q = u, d, s, c, b for the third and fourth terms is implicit. 
with 
where m N is the nucleon mass and |N denotes the one-particle state of the nucleon (N = p, n). For the heavy quarks and gluon, on the other hand, their matrix elements are obtained by using the trace anomaly of the energy-momentum tensor in QCD:
with f (N )
T q and α s ≡ g 2 3 /4π. The long-distance QCD correction c Q in the above expression is evaluated in Ref. [30] as c Q = 1 + 11α s (m Q )/4π, and we take their numerical values as c c = 1.32, c b = 1.19, and c t = 1 in this paper. As can be seen from Eq. (6), the scalar-type heavy quark operators contribute to the nucleon matrix elements only through the loop-induced gluon operator.
The nucleon matrix elements of the twist-2 operators are evaluated with the parton distribution functions (PDFs):
where q N (2),q N (2) and G N (2) are the second moments of PDFs of quark, anti-quark and gluon, respectively, which are given by
Here, we use the PDFs at the scale of µ = m Z (m Z is the Z boson mass), since, as will be described later, the terms with quark twist-2 operators in Eq. (3) are induced by the one-loop diagrams in which the loop momentum around the weak boson mass scale yields dominant contribution. Finally, the SI effective coupling is obtained as
. (10) Here the sum of quark flavors is implicit as in Eq. (3). Note the factor 1/α s in front of f G in Eq. (10). It makes the gluon contribution sizable, although the interactions of the neutralino with gluon are induced by higher-loop processes than those with light quarks [25] . On the other hand, the contributions of the twist-2 operators of gluon are subdominant 3 as g
G and g (2) G are suppressed by the strong coupling constant α s . Thus, we ignore them in this paper.
The effective axial vector coupling, which is relevant for the SD cross section, is readily written as
with
Here s µ is the spin of the nucleon and the quark flavor sum is taken for q = u, d, s. By using the effective couplings obtained above, we obtain the cross section of the neutralino with nucleon:
where
is the reduced mass of neutralino-nucleon system. Before concluding this section, we refer to the numerical values for the parameters that we use in this paper. The mass fractions of light quarks, f (N ) T q defined in Eq. (5), are to be extracted from the results of the lattice QCD simulations [32, 33] . The mass fractions of light quarks are evaluated with independent methods and also by independent groups so that the results derived with the lattice QCD simulations have become more reliable. The mass fractions evaluated in the chiral perturbation theory (ChPT) have larger uncertainties than those from the lattice QCD. The SI cross section evaluated by the use of the mass fractions from the ChPT, which predicts larger f
Spin fraction ∆u p 0.77 ∆d p −0.49 ∆s p −0.15 Table 1 : Parameters for quark and gluon matrix elements. Errors are shown only for the mass fractions, which are used for comparison with the cross section evaluated with the mass fraction from the ChPT.
Appendix A for comparison. The second moments of the PDFs of quarks and anti-quarks are calculated using the CTEQ parton distribution [34] . The spin fractions, ∆q N , in Eq. (12) are obtained from Ref. [35] . In Table 1 we list the numerical values for the mass fractions of both proton and neutron as well as the second moments of the PDFs and the spin fractions for the proton. The second moments and the spin fractions for the neutron are to be obtained by exchanging the values of an up quark for those of a down quark.
Results
In this section we calculate the SI cross section for the Wino-like or Higgsino-like neutralino in the high-scale SUSY scenario. The values of the Higgsino and Wino mass parameters are model dependent. Therefore, we regard both M 2 and µ as free parameters in the following analysis while we take M 2 positive.
4
The tree-levelχ 0 -χ 0 -Higgs interaction yields scalar-type effective operators,χ 0χ0andχ 0χ0 G a µν G aµν (Left in Fig. 1 ). Let us denote these contributions by f 4 We assume the parameters to be real in this article. Possible phases of the parameters might affect the "Higgs" contribution, which is defined later, to the SI effective coupling.
5 Those contributions are evaluated in a pure Wino or Higgsino limit. When M 2 µ, one needs to take the mixing among them into account and modify the formulae in Ref. [26] appropriately. In the present situation, however, the tree-level contributions dominate the loop-loop level ones. Thus, the modification in the loop-level effects has no significance on the resultant scattering cross section. There exists a case where the tree-level contribution is still subdominant even when M 2 µ. As we will see later, however, the lightest neutralino is almost pure gauge eigenstate in such a case. Thus the results in Ref. [26] are applicable. (21) and (24) .
are induced via the W/Z boson loop diagrams [26] , we obtain
where m W and m h are the masses for W boson and Higgs boson, respectively. The coupling of the neutralino with the Higgs boson is denoted by s h in the above expression, which is given as
Here θ W is the weak mixing angle and we take the decoupling limit since the heavier Higgs bosons have masses much larger than the weak scale. In addition, when M 2 , |µ| m W , the coupling s h is approximated as (19) in the Wino-like neutralino case and
in the Higgsino-like neutralino case. Here the plus (minus) sign in front of sin 2β is for µ > 0 (µ < 0).
There is an sign error in Eq. (24) of Ref. [36] for µ < 0 case. In addition, for heavy Higgs coupling, the correct expression is ± 1 2 (21) and (24) . A complete set of diagrams is given in Ref. [26] .
As it is seen in Eqs. (19) and (20) , in the case where one mass parameter is much larger than the other (i.e., M 2 |µ| or |µ| M 2 ), the lightest neutralino becomes almost pure Wino or Higgsino state. Then the tree-levelχ 0 -χ 0 -Higgs interaction, as well asχ 0 -χ 0 -Z interaction which is relevant for the SD scattering, is suppressed. Thus the loop-level processes become important. The loop-level effective couplings are calculated in the previous work [26] , where the elastic scattering cross section for generic electroweak-interacting DM particles (i.e., n-tuplet of SU(2) L with hypercharge Y of U(1) Y ) is evaluated. Pure Wino corresponds to n = 3 and Y = 0, while pure Higgsino corresponds to n = 2 with Y = 1/2. The previous results have revealed that the loop-level contributions are sizable when the DM-particle mass is much larger than those of weak bosons. (See also Ref. [36] .) Further, it has been found that the SI cross section tends to be suppressed with the 125 GeV Higgs boson mass due to an accidental cancellation. (See Fig. 5 of Ref. [26] .) These observations indicate that both the tree-level and the loop-level contributions are significant in a wide range of parameter space. Taking the above discussion into account, we calculate the scattering cross section of the neutralino with nucleon including all the possibly dominant contributions.
For later discussion, we refer to each term in Eq. (3) as,
Here "scalar", "twist-2" and "gluon" contributions are from diagrams in Fig. 2 , while we define "Higgs" contribution, which contains both f H q and f H G , as shown in Fig. 1 . Before turning to numerical calculations, we briefly discuss the gaugino-sfermionfermion couplings, which we call the gaugino couplings hereafter, in the high-scale SUSY scenario. The gaugino couplings are equal to the gauge couplings at the energy scale larger than M SUSY . With the scalar particles decoupled at M SUSY , however, the effective theory below the scale is not supersymmetric anymore; thus the gaugino couplings might in general deviate from the relations. This deviation affects the neutralino mass matrix, leading to corrections to Z ij . Using the renormalization group equations for the gaugino couplings in the split SUSY scenario given in Ref. [7] , we explicitly calculate the running of the couplings and find that the deviation of gaugino couplings from the corresponding gauge couplings is less than a few percent; e.g., the U(1) Y gaugino coupling decreases from the supersymmetric one by around 7%, while the SU(2) L gaugino coupling increases by about 1%, when M SUSY is 10 3 TeV and tan β = 1, which gives the Higgs mass of around 125 GeV. Now we are ready to give numerical results of the scattering cross section. Figure 3 shows the results of the SI scattering for the Wino-like neutralino. Here we give the cross section of the neutralino with proton. In the plots we take M 2 = 3 TeV and m h = 125 GeV and µ < 0 (µ > 0) for the top (bottom) panel. tan β = 1.1, 2 and 50 are taken in left, middle and right panels, respectively. 7 In the plot of the SI cross section, green dashed lines indicate the SI cross section with only the Higgs contribution taken into consideration, while purple solid lines show the result with all the leading contributions included. Shaded regions imply error coming from the mass fractions. It is found that the loop contribution is important in a wide range of parameter space. Let us look at the µ < 0 case first. When tan β 2, the Higgs contribution scales as ∝ s h m W /(M 2 + |µ|) from Eq. (19), which does not grow as |µ| − M 2 gets smaller. As a consequence, the loop contribution is comparable or larger than the Higgs contribution, depending on |µ| − M 2 . This behavior is seen in the plot of f p in Fig. 4 . Here we give the plot of each contribution defined in Eq. (21) . In the plot, the result for tan β = 50 is given for scalar, twist-2 and gluon contributions (though they are insensitive to tan β), and results for tan β = 1.1, 2, 5 and 50 are given for the Higgs contribution from top to bottom. Since the Higgs contribution is always positive for tan β 1.1, it interferes constructively with the other contributions. When tan β 1, on the other hand, the situation gets changed. In this case the Higgs contribution is sensitive to M 2 and |µ| − M 2 for given tan β. This fact can be seen from Eq. (19) . Now s h is given as s
. Thus the Higgs contribution is negative when |µ| M 2 tan β/2 and flips its sign in a larger |µ| region. This causes a cancellation; as |µ| − M 2 gets larger, the absolute value of the tree-level Higgs exchanging contribution drops, and all the negative contributions cancel the positive 7 Note that when tan β = 1 the tree-level axial coupling, as well as the tree-level Higgs coupling for the Higgsino-like DM for negative µ, vanishes exactly. However, it is not the realistic case. In fact the gaugino coupling in the neutralino mass matrix receives a correction from renormalization-group effects from high scale, which we discussed above, and as a consequence the tree-level couplings do not vanish. For the purpose of studying tree-and loop-level contributions in general, we simply avoid tan β = 1.
twist-2 contribution around |µ| − M 2 ∼ a few hundred GeV to a few TeV, depending on tan β. We have checked that the result is almost the same when tan β 5.
When µ > 0, on the contrary, the Higgs contribution is always negative. The right panel in Fig. 4 shows it for tan β = 1.1, 2, 5 and 50 from bottom to top. Thus resultant cross section is similar to those in the case of large tan β and µ < 0. In both µ < 0 and µ > 0 cases, the Higgs contribution becomes irrelevant and the loop contribution dominates the cross section when |µ| − M 2 10 TeV. Then the SI cross section lies around a value of ∼ 10 −47 cm 2 , which is consistent with the results in Refs. [24] [25] [26] . We have checked that the SI cross section is almost independent of the neutralino mass except for µ < 0 and low tan β. We also give the result for M 2 = 200 GeV in Figs. 5 and 6. Here we take the other parameters the same as those in Fig. 3 . In this case, the Higgs contribution becomes larger, leading to a bit enhanced SI cross section. However, with relatively large tan β, a cancellation happens then the cross section behaves similar to the previous results, as it is seen in the figure.
Next let us discuss the Higgsino-like neutralino case. The results are shown in Figs. 7 and 8. Here we take |µ| = 1 TeV and m h = 125 GeV. The upper and lower panels correspond to µ < 0 and µ > 0 cases, respectively. tan β is taken as similarly to that in Figs. 3 and 4 . In the µ < 0 case, the Higgs contribution is suppressed by (1 − sin 2β) for tan β 1, then the loop contributions become dominant. This is clearly seen in Fig. 8 . The cross section is around 10 −49 cm 2 in the region M 2 − |µ| 500 GeV. When tan β is larger, the Higgs contribution scales as s h −m W /(M 2 − |µ|) and becomes dominant in the effective coupling in the region M 2 − |µ| a few TeV to 10 TeV, depending on tan β. In this case a cancellation occurs around M 2 − |µ| ∼ a few dozens of TeV, and the SI cross section is about 10 −49 cm 2 for larger values of M 2 − |µ|. A similar cancellation is observed for the µ > 0 case. In the µ > 0 case, the Higgs contribution is not suppressed around tan β 1 in contrast to the µ < 0 case. That is why a significant cancellation always happens.
Here we briefly comment on contributions by the heavy Higgs boson, which we did not take into account. The heavy Higgs-χ 0 -χ 0 coupling s H is given by s
2 −µ 2 cos 2β for the Wino-like neutralino and s
cos 2β for the Higgsino-like neutralino. Here the overall positive and negative signs correspond to the µ > 0 and µ < 0 cases, respectively. As it is seen, contributions from the heavy Higgs boson are suppressed when tan β 1. Even when tan β 1, it is suppressed by the heavy Higgs mass.
Finally, we give contour plots of the SI cross section on the |µ| − M 2 plane in Fig. 9 . In the plot we take m h = 125 GeV. Upper and lower panels are for the cases of µ < 0 and µ > 0, respectively, and tan β is taken as 1.1, 2 and 50 from left to right in each panel. Purple solid lines are contours of the SI cross section of full calculation and green dashed lines show the ones given by the Higgs contribution only. The contours of the cross section smaller than 10 −49 cm 2 are not shown here. In the figure, dark-shaded regions are excluded by the XENON100 experiment [37] . The blue dot-dashed lines and light shaded regions correspond to prospected reaches of future experiments. To evaluate those sensitivity limits, we use a value of 10 −47 cm 2 and 10 −48 cm 2 at a DM-particle mass of 60 GeV and rescale it with respect to the DM-particle mass. The former value is based on a discovery sensitivity in a ton-year experiment, 8 while the latter comes from the fact that a sensitivity for the cross section of less than 10 −48 cm 2 is difficult to be achieved due to atmospheric neutrino background [38] .
In the Wino-like neutralino region, it is seen that the full calculation deviates from the one given by the Higgs contribution significantly. This is due to the suppression of the Higgs contribution (especially for the µ < 0 and tan β ∼ 1 case) or the cancellation in the effective coupling. In addition, as we discussed previously, the cross section can be enhanced due to constructive interference between the Higgs and twist-2 contributions in the µ < 0, M 2 TeV and low tan β region (see left and middle plot in upper panel). Thus such a region can be probed in a future experiment even when |µ| is as large as dozens of TeV. If much better sensitivity was accomplished, larger |µ| could be also studied.
For the Higgsino-like case, the Higgs contribution almost determines the cross section in the region where future experiments may reach. The loop effect becomes important when the Higgs contribution is suppressed (for µ < 0 and tan β 1 case) or in the region where M 2 is above several TeV. For the µ < 0 and tan β 1 case, the cross section is around 10 −49 cm 2 thus it is far below the sensitivity of future experiments.
Conclusion
The high-scale supersymmetry, in which SUSY particles are much heavier than the weak scale except for gauginos and/or Higgsinos, is favored from viewpoints of the discovered 125 GeV Higgs boson, null results in the SUSY particle searches at the LHC, and the SUSY FCNC and CP problems. In this scenario, the Wino-like or Higgsino-like neutralino is a good candidate for the dark matter in the Universe. While a Wino with a mass of 2.7-3.0 TeV or a Higgsino with a mass of 1 TeV is predicted in the thermal relic scenario, the non-thermal production may explain the observed dark matter abundance in even lighter mass. In this scenario, the elastic scattering of the neutralino with nucleon, relevant to the direct dark matter search experiments, is induced by tree-level Higgs boson exchange diagrams and also loop diagrams due to the electroweak interaction. In this article, we evaluate the SI cross section of the Wino-like or Higgsino-like neutralino including contribution from the loop diagrams of the weak bosons. Since the loop diagrams are not suppressed by the neutralino mass, they may be comparable to or even dominate over the Higgs-exchange contribution, especially for the Wino-like neutralino. As a result, the SI cross section is sensitive to the sign of µ and tan β, in addition to absolute values of the Higgsino and Wino mass parameters since the diagrams constructively or destructively interfere with each other.
Because of atmospheric neutrino background, it is difficult to discover the DM in the direct detection experiments when the SI cross section is smaller than 10 −48 cm 2 at a DM-particle mass around 60 GeV. We found that the prediction for the SI cross section is larger than the limit in a broad parameter region. (See Fig. 9 .) The large-scale experiments for the direct DM detection are hopeful.
A Spin-independent Cross Section Evaluated with Mass Fraction from Chiral Perturbation
In this paper we have used the input parameters extracted from the lattice QCD simulations for the mass fractions f (N )
T q . As a result, the error of the calculation is small, as we have seen above. However, another result is also reported for the mass fractions based on the chiral perturbation theory. In this case the mass fractions for proton are given as f T s = 0.40 (14) [39, 40] . A large discrepancy 9 is seen for f (p) T s , as well as larger error. To see the impact of the mass fractions on the SI cross section, we plot the results using the mass fractions extracted from the ChPT (and the other parameters are unchanged) in Figs. 10 and 11 for the Wino-like case, and Figs. 12 and 13 for the Higgsino-like case. In both cases we find that the theoretical error of the cross section is much larger than those presented in Figs. 3 and 7 . Let us look at the Wino-like neutralino case, for example. The SI cross section has error of an order of magnitude when |µ| − M 2 10 TeV (a few TeV) for tan β = 1.1 (50), and what is worse, the lower value is undetermined for the larger values of |µ|. In the Higgsino-like case, it is seen that the error is much larger than those in the result which is based on the lattice QCD simulation. Therefore, we conclude that in using the input of the mass fractions based on the ChPT, the SI cross section cannot be predicted due to the large uncertainty.
B Spin-dependent Cross Section
For completeness, we show the results for the SD cross section. In the case of the SD scattering, the tree-level axial vector coupling is induced through the Z boson exchange. With the loop-level contribution combined, the axial vector coupling is given as
Here d
EWIMP q is taken from Eq. (4.3) in Ref. [26] , and the tree-level contribution is
with T 3 q the weak isospin of light quarks. Then as in f N , we call each term in Eq. (11),
The first term is derived from the W/Z box diagrams shown in Fig. 2 , while the second term is given in the tree-level Z exchange (the right diagram in Fig. 1 ). The SD cross section for the Wino-like and Higgsino-like cases are presented in Fig. 14, while the effective axial coupling is given in Fig. 15 . In the plots we take the same values for the SUSY parameters as those in Figs. 3 and 7 for the Wino-like and Higgsino-like cases, respectively. As is obvious from Eq. (23), the result is independent of the sign of µ. In both cases, tree-level and loop-level couplings are constructive. While the tree-level contribution highly depends on tan β when tan β 10, it turns out to be insensitive to tan β otherwise. The SD cross section obtained is so small that there is little hope to detect DM via the SD interactions in future experiments. Figure 9 : Contour of the SI cross section in cm 2 unit. Upper panels are in the case where µ < 0 and tan β = 1.1 (left), 2 (middle), and 10 (right) are taken, respectively. In the lower panels µ is set to be positive. We take m h = 125 GeV. Results from full calculation and the only Higgs contribution are given in purple solid and green dashed lines, respectively. Lines are shown for the cross section larger than 10 −48 cm 2 . Here we also show the exclusion regions by XENON100 [37] in dark shade. Blue dot-dashed lines and light-shaded regions correspond to future prospects of experiments with sensitivities to cross section 10 −47 cm 2 and smaller than 10 −48 cm 2 at a DM-particle mass of ∼ 60 GeV, respectively. 
